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A local realistic theory is presented for Mermin’s special case of the EPRB 
experiment. The theory, which is readily extended to the general EPRB experiment, 
reproduces all the predictions of quantum theory. It also reveals that Bell, and also 
Hess and Philipp, had made an error in the mathematical formulation of Einstein’s 
locality or no-action-at-a-distance principle. 
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I. INTRODUCTION 
In the Einstein-Podolsky-Rosen-Bohm (EPRB) experiment, a source produces 
a system of two spin-1/2 particles (labeled 1 and 2) that fly apart in opposite 
directions, each towards a Stern-Gerlach magnet: particle 1 (2) towards magnet 1 (2). 
Each magnet can be rotated in a plane perpendicular to the line of flight of the 
particles; the angle θ  (φ ) gives the direction of magnet 1 (2). More than twenty years 
ago, Mermin [1] considered a special case of the EPRB experiment where each 
magnet has only three possible angle settings (labeled a, b, and c) and presented a 
local realistic theory for the experiment. If the two magnet angles are the same, 
Mermin’s local realistic theory predicts [1] that particle 1 and particle 2 will be 
measured to have opposite spins with probability one, in agreement with the 
prediction of quantum theory. On the other hand, if the two magnet angles are 
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different, Mermin’s local realistic theory predicts [1] that the probability of measuring 
opposite spins is at least one-third. However, this is not always the prediction of 
quantum theory: for instance [1], if the two magnet angles differ by  or , the 
probability of measuring opposite spins is one-fourth. In his original paper [1], and 
also in a later more refined version [2], Mermin challenged the reader to construct a 
local realistic theory for his special case of the EPRB experiment that will yield the 
same predictions as quantum theory in all cases, i.e., in the case where the magnet 
angles are the same and in the case where the magnet angles are different. Such a 
theory, which is readily extended to the general case where each magnet can be set at 
any angle, is presented in this paper. I have chosen to call it Grandma’s local realistic 
theory. 
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The rest of the paper is organized as follows. Quantum theory for the EPRB 
experiment is summarized in Sec. II. Mermin’s local realistic theory is recapped in 
Sec. III. Grandma’s local realistic theory, which is based on a preliminary work 
published in the proceedings [3] of the 2001 Garda Workshop, is presented and 
discussed in Sec. IV. 
 
II. QUANTUM THEORY 
Let ,θ±  ( ,φ± ) be the eigenstates of the projection of the spin operator of 
particle 1 (2) onto the unit vector in the direction of magnet 1 (2). The spin part of the 
quantum wave function for the system of two spin-1/2 particles, known as the singlet 
state in the literature, can be expressed [4] in terms of the four product states 
{ , , }θ φ± ±  that I call system spin states: 
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The quantum conditional probabilities for the possible joint measurement outcomes 
are easily determined from the expansion coefficients in Eq. (1): 
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where, for instance, ( ,P )θ φ+ −  is the probability of measuring spin up for particle 1 
and spin down for particle 2 given that magnet 1 is set at angle θ  and magnet 2 is set 
at angle φ . 
 
III. MERMIN’S LOCAL REALISTIC THEORY 
In an experimental run, prior to measurement, particle 1 is actually in one of 
its two possible spin states, ,θ+  or ,θ− , for each of the three possible settings (a, b, 
c) of the angle θ  of magnet 1. Particle 2 is also actually in one of its two possible spin 
states, ,φ+  or ,φ− , for each of the three possible settings (a, b, c) of the angle φ  of 
magnet 2. For magnet angles θ  and φ  which are the same, the pre-existing spin states 
of particle 1 and particle 2 are opposite to each other, i.e., if particle 1 is spin up, 
particle 2 is spin down, and vice-versa. For example, if , aθ+ = , , bθ+ = , and 
, cθ− =  are the pre-existing states of particle 1, then , aφ− = , , bφ− = , and , cφ+ =  
are the pre-existing states of particle 2. 
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In an experimental run, for a chosen pair of magnet angles, measurement 
reveals the pre-existing spin state of particle 1 for the chosen magnet angle θ  and the 
pre-existing spin state of particle 2 for the chosen magnet angle φ . For the pre-
existing states in the example above, if the chosen magnet angles are aθ =  and cφ =
a
, 
then both particles will be measured spin up. If the chosen magnet angles are θ =  
and aφ = , then the two particles will be measured to have opposite spins: in 
particular, spin up for particle 1 and spin down for particle 2. In general, regardless of 
the pre-existing spin states of the two particles, measurement will always yield 
opposite spins for the two particles if the two chosen magnet angles are the same. 
 The pre-existing spin states of particle 1 (2) depend on the possible angles of 
magnet 1 (2) but not on the possible angles of magnet 2 (1). Therefore, the 
measurement result A (B) for particle 1 (2) depends on the chosen angleθ  (φ ) for 
magnet 1 (2) but not on the chosen angle φ  (θ ) for magnet 2 (1): 
( )A θ  and ( )B φ .                    (4) 
As an illustration, in the example above, if aθ =  is the chosen angle of magnet 1, 
particle 1 will measured spin up regardless of the angle φ  chosen for magnet 2. 
From an orthodox point of view, in the EPRB experiment, each particle does 
not have a definite spin prior to observation. Measurement of one particle compels 
that particle to acquire a definite spin and instantaneously triggers the other particle, 
spatially separated from the first, to also acquire a definite spin. This instantaneous 
‘triggering’ is non-locality or action at a distance [2,5], which Einstein considered 
spooky and unacceptable. Bell [6], in the derivation of his famous inequality, assumed 
that locality or no action at a distance requires that the measurement result A (B) for 
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particle 1 (2) does not depend on the chosen angle φ  (θ ) for magnet 2 (1). Mermin 
[1,2] incorporated Bell’s requirement for locality in his realistic theory above (see 
previous paragraph). 
 
IV. GRANDMA’S LOCAL REALISTIC THEORY  
In an experimental run, prior to measurement, the system of two spin-1/2 
particles is actually in one of the four system spin states, , ,θ φ+ +  or , ,θ φ− −  or 
, ,θ φ+ −  or , ,θ φ− + , for each of the nine possible pairs of magnet angles, i.e., the 
system is actually in nine system spin states, one system spin state for each possible 
pair of magnet angles. For each possible pair of magnet angles, θ  and φ , the system 
is actually either in state , ,θ φ+ +  with probability ( ) 21 2 sin δ , or in state , ,θ φ− −  
with probability ( ) 21 2 sin δ , or in state , ,θ φ+ −  with probability ( ) 21 2 cos δ , or in 
state , ,θ φ− +  with probability ( ) 21 2 cos δ , where ( ) 2δ θ φ= − . So, for magnet angles 
θ  and φ  which are the same, the system is definitely not in state , ,θ φ++  or in state 
, ,θ φ−− ; it is actually either in state , ,θ φ+ −  or state , ,θ φ− +  with equal 
probability of 1/2. For magnet angles θ  and φ  which differ by , the system is 
definitely not in state 
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, ,θ φ+ −  or in state , ,θ φ− + ; it is actually either in state 
, ,θ φ++  or state , ,θ φ− −  with equal probability of 1/2. Table 1 lists a possible set 
of nine pre-existing system spin states, one state for each possible pair of magnet 
angles, that pre-existed before any pair of magnet angles is chosen in a hypothetical 
experimental run. 
In an experimental run, for the chosen pair of magnet angles, measurement 
reveals the pre-existing system spin state for that pair of angles. For example, 
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suppose, in an experimental run, the set of nine pre-existing system spin states is 
given by Table 1. If the chosen magnet angles are aθ =  and aφ = , then measurement 
will yield spin up for particle 1 and spin down for particle 2, revealing that, for this 
pair of magnet angles, the pre-existing system spin state is , ,aθ φ a+ = − = . If the 
chosen magnet angles are aθ =  and bφ = , then the pre-existing state , ,a bθ φ− = − =  
will be revealed by measurement. Similarly, if the chosen pair of magnet angles is one 
of the other seven possibilities, the corresponding pre-existing system spin state listed 
in Table 1 will be revealed by measurement. 
 
Table 1. Pre-existing system spin states, one state for each possible pair of magnet 
angles, in a hypothetical experimental run. 
 
Possible Angle θ  
For Magnet 1 
Possible Angle φ  
For Magnet 2 
 
Pre-existing System 
Spin State 
a a , ,a aθ φ+ = − =  
a b , ,a bθ φ− = − =  
a c , ,a cθ φ− = − =  
b a , ,b aθ φ− = − =  
b b , ,b bθ φ+ = − =  
b c , ,b cθ φ+ = + =  
c a , ,c aθ φ+ = + =  
c b , ,c bθ φ+ = + =  
c c , ,c cθ φ− = + =  
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Because measurement merely reveals the pre-existing system spin state for the 
chosen pair of magnet angles, there isn’t any action at a distance whatsoever. In other 
words, Grandma’s realistic theory is intrinsically local. 
In an experimental run, for the chosen pair of magnet angles θ  and φ , since 
the probability that the system is actually in state , ,θ φ+ +  ( , ,θ φ− − ) is ( )1 2 2sin δ  
where ( ) 2δ θ φ= − , the probability of measuring spin up (down) for particle 1 and 
spin up (down) for particle 2 is also ( ) 21 2 sin δ , in agreement with the predictions of 
quantum theory [see Eq. (2)]. Likewise, since the probability that the system is 
actually in state , ,θ φ+ −  ( , ,θ φ+− ) is ( ) 21 2 cos δ  where ( ) 2φδ θ= − , the 
probability of measuring spin up (down) for particle 1 and spin down (up) for particle 
2 is also ( ) 21 2 cos δ , in agreement with the predictions of quantum theory [see Eq. 
(3)]. Thus, Grandma’s local realistic theory reproduces all the predictions of quantum 
theory. 
In Grandma’s local realistic theory, each particle has nine pre-existing spin 
states, one for each possible pair of magnet angles, which pre-existed before any pair 
of magnet angles is chosen. Therefore the measurement result (i.e., which of the nine 
pre-existing spin states is revealed) A (B) for particle 1 (2) depends on the chosen 
angle θ  for magnet 1 and the chosen angle φ  for magnet 2: 
( ,A )θ φ  and ( ),B θ φ .                    (5) 
As an illustration, consider again the set of pre-existing system spin states in Table 1. 
Suppose aθ =  is the chosen angle for magnet 1. If aφ =  is the chosen angle for 
magnet 2, then particle 1 will be measured spin up. But if bφ =  is the chosen angle for 
magnet 2, then particle 1 will be measured spin down. Now, instead, suppose aφ =  is 
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the chosen angle for magnet 2. If aθ =  is the chosen angle for magnet 1, then particle 
2 will be measured spin down. But if cθ =  is the chosen angle for magnet 1, then 
particle 2 will be measured spin up. 
The dependence of the measurement result for each particle on the chosen pair 
of magnet angles in Eq. (5) does not however imply non-locality or action at a 
distance because the chosen pair of magnet angles merely reveals the corresponding 
pre-existing spin state of each particle. This means that locality or no action at a 
distance does not require the measurement result A (B) for particle 1 (2) not to depend 
on the chosen angle φ  (θ ) for magnet 2 (1), contrary to what Bell [6] and his 
followers, Mermin among them, had assumed. In other words, Bell had made a 
mistake in his mathematical formulation of Einstein’s locality or no-action-at-a-
distance principle. The much-debated local realistic theory of Hess and Philipp [7-11] 
also contains the same mis-formulation of locality as Bell but it is able to reproduce 
the quantum mechanical expectation value of the product AB of the measurement 
results. This reproduction is possible because, in Hess and Philipp’s theory, the 
measurement result of particle 1 (2) is also pre-determined by a hidden variable in 
magnet 1 (2), which depends on the angle setting of the magnet and the time of 
measurement of the particle, in addition to the hidden variable in the source 
considered by Bell. In contrast, in Grandma’s local realistic theory, the measurement 
results of both particles for each possible pair of magnet angles are completely pre-
determined by the hidden variable in the source. 
A local realistic theory has also been constructed [12] for the Greenberger-
Horne-Zeilinger experiment [13] that reproduces all the predictions of quantum 
theory. The theory shows that GHZ [13] had also mis-formulated Einstein’s locality 
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or no-action-at-a-distance principle in their local realistic theory for the experiment in 
the same way that Bell had mis-formulated the principle in his local realistic theory 
for the EPRB experiment. 
 
 
References 
[1] N. D. Mermin, “Bringing home the atomic world: Quantum mysteries for 
anybody,” Am. J. Phys. 49, 940-943 (1981). 
[2] N. D. Mermin, “Is the moon there when nobody looks? Reality and the 
quantum theory,” Phys. Today 38, 38-47 (April 1985). 
[3] B. L. Lan, “A realistic view of the canonical Einstein-Podolsky-Rosen-Bohm 
experiment based on quantum theory and its consequences,” J. Opt. B: 
Quantum Semiclass. Opt. 4, S384-S385 (2002); quant-ph/0202151. 
[4] J. T. Cushing, Quantum Mechanics: Historical Contingency and the 
Copenhagen Hegemony (University Chicago Press, Chicago, 1994), p. 223. 
[5] J. S. Bell, Speakable and Unspeakable in Quantum Mechanics (Cambridge 
University Press, Cambridge, 1993), pp. 139-158. 
[6] Reference [5], pp. 14-21, pp. 29-39. 
[7] K. Hess and W. Philipp, quant-ph/0103028. 
[8] K. Hess and W. Philipp, “A possible loophole in the theorem of Bell,” Proc. 
Nat. Acad. Sci. 98, 14224-14227 (2001). 
[9] K. Hess and W. Philipp, “Bell’s theorem and the problem of decidability 
between the views of Einstein and Bohr,” Proc. Nat. Acad. Sci. 98, 14228-
14233 (2001). 
 9
[10] K. Hess and W. Philipp, “Exclusion of time in the theorem of Bell,” Europhys. 
Lett. 57, 775-781 (2002). 
[11] K. Hess and W. Philipp, quant-ph/0212085. 
[12] B. L. Lan, quant-ph/0310119. 
[13] J. W. Pan, D. Bouwmeester, M. Daniell, H. Weinfurter and A. Zeilinger, 
“Experimental test of quantum nonlocality in three-photon Greenberger-
Horne-Zeilinger entanglement,” Nature 403, 515-519 (2000). 
 10
